The central nervous system (CNS) is a common site of inflammatory disease in patients infected with human immunodeficiency virus-1 (HIV-1). At postmortem examination, approximately 50% of AIDS patients have inflammatory lesions directly associated with HIV-I infection of the CNS (AIDS encephalitis, aseptic meningitis, vacuolar myelopathy) or secondary to opportunistic bacterial, fungal, or parasitic agents.8J0 Of the opportunistic pathogens of the CNS, Toxoplusma gondii is the most commonly observed." Moreover, many of these patients develop multiple pathologic processes complicating the evaluation and treatment of encephalitk8 Immunohistochemical or electron microscopic techniques have been successfully used to identify multiple disease processes in clinical CNS biopsies.
Similarly, macaque monkeys infected with simian immunodeficiency virus (SIV) develop an AIDS-like syndrome, including a high incidence of e n c e p h a l i t i~.~.~~ However, opportunistic infections of the CNS are rare in the macaque model of AIDS. 6.12.15 Overall, the incidence of seropositivity and clinical toxoplasmosis in immunocompetent macaques is low.l7 One report from the California Primate Research Center described only four cases of either CNS or systemic toxoplasmosis in 1,400 macaques necropsied. Furthermore, although experimental infection of immunosuppressed macaques with T. gondii has been demonstrated,* only two cases of spontaneous toxoplasmosis have been reported in macaques with SIV-induced immunosuppres~ion.~ Because the macaque AIDS model is used extensively in vaccine development and in examining the pathogenesis of lentivirus disease, accurate histologic description and diagnosis of CNS pathologic processes are crucial. In this report, we describe the use of immunohistochemical and electron microscopic techniques to identify concurrent toxoplasmosis in a case of SIV-induced AIDS encephalomyelitis in a Barbary macaque (Mucucu sylvana).
An adult male captive-bred Barbary macaque was pur-chased from a commercial supplier and infected with SIVmac239, a pathogenic molecular clone of SIV, by intravenous inoculation with cell-free supernatant from SIV-infected rhesus peripheral blood monocytes, as previously de-~c r i b e d .~ At 3 14 days post-inoculation, the animal was euthanatized due to poor health.
Necropsy revealed no abnormal gross findings. Representative tissue sections were saved in 10% phosphate-buffered formalin and processed by routine histologic, immunohistochemical, and electron microscopic methods.
Microscopic examination of the CNS revealed multiple foci of perivascular and parenchymal macrophages and multinucleate giant cells characteristic of primary SIV encephalitis and myelitis, located primarily within white matter tracts in all sections of brain and spinal cord examined ( Fig.  1 ). Associated with these inflammatory cell foci was severe white matter vacuolization. In one section of cerebral gray matter, multiple small necrotic foci surrounded by glial cells with intralesional periodic acid-Schiff-and Giemsa-positive protozoal tachyzoites and tissue cysts were seen (Fig. 2 ). No tissue cysts or tachyzoites were observed in numerous other sections of cerebrum, cerebellum, thalamus, or brain stem, but examination of the spinal cord revealed multiple sections of spinal nerves containing both intracellular and free tachyzoites and occasional cysts surrounded by mild to moderate mononuclear cell infiltrates. Rare tissue cysts were observed within the myocardium of the left ventricle, but all other tissues examined showed no evidence of protozoal forms. Paired sera obtained pre-and post-inoculation with SIV were evaluated for IgG antibodies to T. gondii by an immunofluorescence assay (IFA, Damon Clinical Laboratories, Westwood, MA). Because both samples had IFA titers > 1 : 1,024, we concluded that the animal had been exposed to T. gondii prior to infection with SIV. Hence munoreactivity to T. gondii using an avidin-biotin horseradish peroxidase technique with diaminobenzidine as the chromogen, as previously described. l 3 Formalin-fixed tissues were deparaffinized and incubated with a I : 50 dilution of rabbit anti-Toxoplasma antibodies (BioGenex Laboratones, San Ramon, CA) prior to the addition of a 1 : 50 dilution of biotinylated goat anti-rabbit (Vector Laboratories, Burlingame, CA) followed by the avidin-biotin complex (ABC standard, Vector Laboratories). Toxoplasma gondii antigens were detected within the necrotic foci in the cerebrum but not in any of the granulomatous SIV-related foci within the same section of tissue or in multiple sections of brain. SIV antigen, which was prevalent within monocytes/macrophages in the SIV-induced foci, was not detected in Toxoplasma-induced inflammatory cell foci. Also, neither SIV antigen nor RNA was detected in areas ofchronic granulomatous inflammation induced by complete Freund's adjuvant or in SV40-induced progressive multifocal leukoencephalopathy in SIV-infected m a c a q~e s .~.~ These findings suggest that lentivirus-infected leukocytes are not randomly recruited to sites of inflammation. Evaluation of the spinal cord showed many positive tachyzoite and cyst forms located within spinal nerve roots ( Fig. 3 ) and rare positive foci within the spinal cord white matter. The cardiac cysts were lightly immunoreactive for Toxoplasma organisms.
For electron microscopic analysis, a section of spinal nerve was extracted from the paraffin block, deparaffinized, secondarily fixed in osmium tetroxide (Stevens Metallurgical Corp., New York, NY), and processed by routine electron microscopic techniques. Ultrastructural examination of aggregated intracellular tachyzoites within spinal nerve roots displayed many features characteristic of T. gondii. The tachyzoites contained few rhoptries and were surrounded by a parasitophorous vacuole, and occasional zoites undergoing endodyogeny contained developing daughter zoites (Fig. 4) .
Although the focal areas of necrosis with intralesional protozoa were suggestive of toxoplasmosis, a definitive diagnosis differentiating it from infection with Neospora, Sarcocystis, or Encephalitozoon was obtained by immunohistochemical and ultrastructural analysis of tissues. Moreover, by using immunohistochemical techniques, individual tachyzoites were readily identified in areas with subtle or no inflammatory cell infiltrates. As such, we were able to differentiate between lesions typical of SIV-induced AIDS encephalitis and those induced by Toxoplasma. These results suggest that in fulminant cases of inflammatory disease of the CNS induced by SIV, subtle lesions induced by opportunistic organisms could be overlooked in routine histologic section. Thus, to characterize accurately the inflammatory changes in the CNS attributed to SIV infection, careful examination oftissues to rule out concurrent opportunistic infections, such as those of disseminated cytomegalovirus, SV40, Cryptococcus, and Toxoplasma, should be augmented by immunohistochemistry, in situ hybridization, and/or electron micros-COPY.
